Biocompatible materials development for the replacement of human body parts has been one of the needs of science. Hydroxyapatite is a bioceramic similar to the mineral component present in the human hard tissues and animal body. In this work, hydroxyapatite nanorods were synthesized and characterized using a hydrothermal reaction with templates of fruit extracts in order to control the particles size and morphology. The powders obtained were characterized by scanning electron microscopy, X-ray diffraction, and infrared spectroscopy. Hydroxyapatite nanorods were obtained with diameters between 43.47 and 48.56 nm and lengths between 148.47 and 265.96 nm. For all assays, an adequate HA synthesis was confirmed because the XRD showed the main and secondary peaks. The crystallite size was calculated with the Scherrer equation, obtaining values between 5.99 and 6.96 nm and percentages crystallinity between 55.61 and 65.9%. The synthesized material can be a suitable biomaterial for the manufacture of bone substitutes.
Introduction
The development of new materials to replace parts of the human body, which can be in direct contact with living tissue without causing any damage or condition, has been one of the aims of science during the last couple of decades. Such materials, once proven not to generate adverse reactions with tissues, they have biocompatible characteristic; this How to cite: Buitrago-Vásquez, M. and Ossa-Orozco, P., Hydrothermal synthesis of hydroxyapatite nanorods using a fruit extract template. DYNA, 85(204), pp. 283-288, March, 2018. properties are related to the biological acceptance by the body's tissues and they are dependent upon material/tissue interaction, by mechanical stress and by the reaction of degradation generated during implantation. The main use of biocompatible materials is for medical devices that are in direct contact with the human or animal body, such as: prosthesis, pins, osteosynthesis plates, mounting clips/brackets, stents, pacemakers, breast implants, and elements of stiches, among others [1] [2] [3] .
Hydroxyapatite (HA) is a biocompatible ceramic, and it is a calcium phosphate similar to the mineral component seen in the hard tissues of the human and animal body, such as bones and teeth, which it is one of the most studied bioceramics. Its chemical formula is Ca10(PO4)6(OH)2 and stoichiometric ratio Ca/P is equal to 1.67; it can be synthesized by various methods such as solid state reaction, co-precipitation, sol-gel, microemulsion and hydrothermal reaction [1, 4] .
Current investigations seek to obtain materials that are as similar as possible mechanically and morphologically to the tissues of the human body, specifically the bone, which is constituted mainly by type I collagen fibers and HA nanofibers; morphologically, it has been demonstrated that mineral particles of bone HA are arranged in a matrix embedded in the collagen fibers, due to it, is very important to note the nanoscale [5, 6] ; having similarity with the before mentioned structure is also important for the enhancement of cell anchorage in biomaterials. The use of templates is one the most flexible, versatile and convenient methods for HA synthesis, since it is very effective for producing particles in nanometric scale, due to the agglomeration degree is minimized and the morphology can be controlled [7] . Recent research has been focused on the use of natural templates, that do not cause environmental effects and minimal changes in the hydroxyapatite chemical composition are generated [7] [8] [9] [10] .
In this work, HA nanorods were synthesized and characterized using a hydrothermal reaction, which uses high pressures and temperatures above ambient. This method was chosen because it has demonstrated efficacy for obtaining powders in the form of HA fibers with an appropriate crystallinity and stoichiometric Ca/P. Moreover, natural templates of fruit extracts like mango, grape and tamarind were used in order to control the particle size and morphology of the powders obtained.
Methodology

Preparation of fruit extracts
The fruit extracts were obtained from locally grown mango, grapes and ripe tamarind. Initially, the fruits were peeled and the seeds were removed, the pulp was washed by being immersed in distilled water, then weighed and macerated in a relation of 10 (w/v) of distilled water from the initial weight. The macerated product was filtered using distillation funnels and filter paper. Then, the resulting filtrate was dried at 40 °C until any excess water had been removed and the product was triturated by hand in a mortar to a fine powder which was used as a template for the HA synthesis [7] .
Hydroxyapatite nanorods synthesis
The nanorods synthesis HA was conducted using the chemical reaction shown in Equation 1: [11] (1) Calcium nitrate tetrahydrate (Ca(NO3)2) with an 83% purity and ammonium phosphate dibasic ((NH4)2HPO4) were used as precursors of the reaction, both products of Merck. Distilled water solutions Ca(NO3)2 0.5 M and (NH4)2HPO4 0.3 M (in order to meet the stoichiometric Ca/P = 1.67) were prepared; subsequently the pH was adjusted between 10 to 11, with the addition of ammonium hydroxide. Each fruit extract was added at a rate of 1 wt% ammonium hydroxide to a 0.5 M solution under constant magnetic stirring at 600 rpm; subsequently, a 0.3 M solution of ammonium phosphate dibasic was added drop by drop to a 0.5 M calcium nitrate tetrahydrate solution, with care being taken to maintain an addition of 0.5 ml per minute. The final solution was left to age 12 hours under magnetic stirring at 350 rpm; after this time, it was placed in a sealed teflon autoclave where the hydrothermal reaction was carried out for 24 hours at 180 °C; the vessel was cooled to room temperature and the solution was washed with distilled water and centrifuged at 3000 rpm until reaching a pH at 7. Finally the solution was dried for 24 hours at 60 °C and the obtained powder was stored for further characterization [12] [13] [14] [15] . The control sample was called HAC, the sample containing mango extract named HAM, the tamarind sample HAT, and the grape HAG.
Characterization of hydroxyapatite nanorods
The morphology of the obtained powder was evaluated by Scanning Electron Microscopy SEM, on a microscope JOEL-JSM 6490LV. The information about the material crystallinity and its phases present was analyzed by X-ray diffraction (XRD) using a Rigaku X-ray diffractometer equipped with a source of Cu at an angle of 2θ between 0 ° and 60 ° [16, 17] . The crystallite size (D) was obtained by Scherrer-Equation (Equation 2), the percentage crystallinity (%Xc) of the HA powders was calculated using Equation 3 . With the objective to provide a quantitative description of the HA nanorods morphology evolution with different fruit template in hydrothermal process, a large number of measurements about length and diameter of HA nanorods were performed directly from the micrographs using the software analysis Image-Processing [7, 18, 19] .
Where λ=1.5418 Å is the X-ray wavelength of the Cu radiation, β is the full width at half maximum of the major XDR peak (FWHM) in the plane (2 1 1) and θ is the diffraction angle in the maximum peak [7, 18, 19] .
Where υ(112/300) is the intensity of the hollow between diffraction peaks of HA in the planes (1 1 2) and (3 0 0) and I300 is the intensity of the peak of HA in the plane (3 0 0) [19] .
The chemical composition of HA samples were analyzed by an infrared Fourier transform spectroscopy, using a computer model Perkin Elmer Spectrum One DTGS detector. Figure 1 shows the SEM micrographs for each of the evaluated protocols. In all cases it has been seen that the powders formed agglomerates with elongated particles, common characteristic in nanomaterials due the energy generated between the particles and the superficial area, which increase with the decrease of the particle size [20, 21] . The fibers are found on a nanometric scale, the average measures are register in table 1.
Results and discussion
In the SEM images observed for all protocols, the morphology are nanorods in the nanometric scale. For HAC ( Figure 1a ) the obtained fibers had a diameter ranging between 28 and 60 nm and ranging length between 160 and 360 nm; for the HAM (Figure 1b ) the fibers had diameters between 28 and 52 nm and lengths between 145 and 400 nm; for HAT ( Figure 1c ) the obtained fiber diameters ranged between 32 and 65 nm and lengths ranged between 155 and 350 nm; and for HAG (Figure 1d ) fiber diameters were between 28 and 55 nm and length were between 100 and 260 nm. In fact, the fibers appear not only embedded in the agglomerate, but also the fiber ends cannot be distinguished clearly. However, while observing the SEM image, it is clear the nanorods that were synthesized with grape extract are smaller and shorter. In the table 1, it has been shown than the variation HA nanorods length is much more substantial than the diameter change with addition of fruit template. The grapes fruit addition reduced the rod length to 41.7% respect HAC, however the HA nanorods diameter remained stable. It is possible than the fruits particles inhibit the rod, so these were shorter than the control sample.
The HA particles obtained with the fibrous fruits like mango and tamarind have a length value similar to the control HA particles, the amount fiber is 1.6 g per 100 g in the mango and 5.1 g per 100 g in the tamarind, the grape have minor fiber content in the nutritional composition 0.9 g in 100 g. The grape extract, using as template, had a finer appearance, possibly the fiber content of other fruits affected the particle size in each extract obtained in the final milling. It is evident than mango fibers in the fruit have a greater length than tamarind; the mango water content is 83.46% and 31.40% to tamarind, that makes the fibers proportion lower in a specific volume. When elongated particles are milled, it is possible than they begin to slide over each other, this fact can inhibit the milled samples. It is possible than the different characteristics of each fruit extract affect the HA particle obtained, due to these materials can act as inhibitors of the particles growth during the hydrothermal synthesis [22] [23] [24] .
Given the above data, it can be said that the hydrothermal process yielded the results expected, as fibers were obtained in the nanometers order with or without fruit extracts as template or mold, and this is mainly because during the hydrothermal treatment high pressures and temperatures above 1 atm and 100 °C were employed. The system is closed, inside the dissolution and recrystallization of the material occurs, promoting the formation and stabilization of crystalline phases in the elongated rods form. Nonetheless, it should be clarified that, with regard to crystal growth during hydrothermal treatment and the physico-chemical aspects that occurred during the process, there is still a need to establish complete clarity from a scientific point of view simply because the phenomena that occurred has not been fully defined. Despite this, it can be assumed that the steam generated within the container raises the pressure to the point that this pushes the particles of the reaction against the bottom and edges of the container, and somehow they undergo a type of crushing that gives them an elongated morphology [25, 26] .
The particles obtained increased in length but not in diameter, which is consistent with Cao et al (2010) who affirm that the formation of nanorods is due to growth of particles in one direction and nanorods may be considered as quasi-one dimensional nanoparticles. These researchers used a polymer for HA synthesis, the polymer was constituted as a growth template, this fact is similar to obtained in this research due to fruit extracts served as a template generating particles in scale nanometric [27] .
The surface energy is a parameter than governs the obtained particle shape such as spherical, rod or flat. This energy must be minimal to provide the possibility of having crystals in equilibrium with the surroundings. In natural systems, growth of crystals has typically been thought to occur by atom-by atom addition to an inorganic or organic template or by dissolution of unstable phases (small particles or metastable polymorphs) and reprecipitation of the more stable phase [28] . In the nanoparticles hydrothermal synthesis is necessary to introduce energy to break bonds, to create divisions and generate new surfaces; the driving force existing in the materials during synthesis minimizes the surface area. Smaller the surface to the volume ratio of the particles, lower the energy state of the material. In order to minimize the surface energy, the directed bonds in isotropic lattices increase crystallization, for example, in rods as it happened in this research [27] .
The diffractograms of the nanorods of HA that were obtained by hydrothermal synthesis using fruit extracts as templates ( Figure 2 ) were compared with that reported for the HA pattern (JCPDS 72-1243) [19, 29] (Figure 3) , in order to determine the correspondence with the main and secondary peaks that characterize the material. For the four powders obtained, that is, HAC, HAM, HAT, and HAG the major peaks are observed at about 2θ = 31.7 °, 32.2 ° and 32.9 °. While the existence of the secondary peaks are shown at 2θ = 25.9 °, 34 °, 39.7 °, 46.7 ° and 49.4 ° and the other less intense peaks at 2θ = 28.88 ° and 53.2 °, thus demonstrating that HA was obtained for the four protocols. Notwithstanding, the HAC, HAM and HAT diffractograms have major peaks of dicalcium phosphate anhydrous at about 2θ = 26.61 ° and 30.18 °, and depending on the size of the peaks, it can be estimated that the quantity of this phase is less than 5%. This result corresponds to that specified by ASTM F1185 Standard -03 (2014), where the chemical standard composition of the hydroxyapatite used in surgical implants is set, indicating that the minimum amount of hydroxyapatite present in these materials must be reported, it is demonstrated and it is natural to be the other 95%. Corroborating this, in some peaks corresponds to other calcium phosphates peaks, as in the case of commercial HA used by Ossa et al (2006) and Gonzalez (2014), in which peaks of tricalcium phosphate appear in their diffractograms [3, 30, 31] . Table 1 shows the crystallite size calculated with equation 1 in the XRD peak width at half maximum, and has not varied a lot with addition of fruit extracts, however the control sample have a larger crystallite size with respect to other samples, proving that the addition of fruit extract like mango, tamarind and grape decreases in the same proportion the crystallite size. [29] The hydroxyapatite percentage crystallinity obtained is presented in Table 1 . The hydroxyapatite synthesized with grapes as template has the highest crystallinity percentage with 65.90%. The ASTM F1185-03 (2014) does not provide a guideline about the material crystallinity; on the other hand, some authors suggest that amorphous materials or with low crystallinity are more absorbable, because the physicochemical characteristics such crystallinity and molar ratio Ca/P affect its solubility, protein adsorption and osteoblasts attachment; these may be compromising the cellular material response [30, 32, 33] . Yang et al. (2015) evaluated the effect of absorption albumin and osteoblasts attachment on hydroxyapatite with different degrees of crystallinity. They found no significant differences between the initial albumin absorption and osteoblasts attachment in HA with crystallinity between 0 and 70%, although for HA with 100% crystallinity, the absorption percentage was reduced. Possibly, the ionic changes interactions that are generated in HA with different crystallinity affect the amount of chemical interactions among calcium ions, due to the fact the ions are readily available to bind electrostatically to proteins. The crystallinity of the synthesized HA in this research was less than 70%, which gives an indication that the manufactured material has optimal characteristics to bind with proteins and precursor cells for new bone formation [34] .
Zhou et al (2012) used grape seed polyphenol was used as template for HA synthesis of nanoparticles. They obtained nanoparticles with a diameter of 20-50 nm and poor crystallinity; after thermal treatment at 500 °C for 2 hours the crystallinity was increased. On the other hand, Klinkaewnarong et al (2010) used aloe vera solution in HA synthesis, they obtained the powder particle sizes among 40-171 nm, the material should has been treated thermally at 500 °C to improve the crystallinity and eliminate the Monetite formed with the precursor materials [8, 9] . The hydrothermal synthesis method evaluated in this research, provides a possibility to obtain crystalline phases without thermal treatment after synthesis. In Figure 4, [7, [36] [37] [38] [39] . However for the protocols with addition of fruit extract, shows bands unidentified between 2331.94 and 2926.01 cm -1 probably corresponding to residues of the fruit extracts used as a natural template for the formation of nanorods, but being a residue of organic and natural type does not affect the final composition of the HA, which is reflected in the XRD where observed a correct stabilization of all phases of this calcium phosphate.
The HA synthesized using the hydrothermal method, regardless of whether it contains or does not contain fruit extracts in its composition, could be an adequate calcium phosphate for use in the manufacture of bone substitutes. This is mainly because the synthesized HA is similar to the mineral component of bones and could be obtained in different-sized nanorods by hydrothermal synthesis, thus allowing a greater similarity to the crystals in the bone [40] [41] [42] . Nanosize is considered already minor to 100 nm, particles with this size are used like vector for delivering drugs, growth factors and genetic material. Importantly the size in nanoscale is decisive in the application because the smaller particles can be removed by the kidney, and the larger ones are easier to phagocytose. Recent studies have shown that sizes between 10 and 100 nm are widely distributed in body systems, have shown great impact in terms of cell compatibility, so it is important to further investigate similar biocompatible materials having the compositions and human body sizes that are within the range of nanoscale [43] .
Conclusion
Hydroxyapatite nanorods were synthesized using hydrothermal treatment at 180 °C for 24 hours. Adding grape fruit extracts during the synthesis reaction showed that it has a positive effect in the reduction length of particles, the reduction percentage was 41.7 %. It is possible that grapes fiber and water content with relation to mango and tamarind fruit affected the template morphology, this can be done by allowing the length reduction in the nanorods. This is beneficial since it has been shown in some studies that the particle size promotes adequate contact surface to ensure good cell adhesion, especially for different types of bone cells.
Adding the fruit extracts during synthesis hydrothermal of hydroxyapatite nanorods did not affect the phases obtained in the synthesized material, because with or without fruit extract the hydroxyapatite was obtained as the principal phase. Furthermore the crystallinity percentage for all extract fruit evaluated is suitable for possible applications in bone tissue regeneration. On the other hand, the use of fruit extracts is a natural option inside in a synthetic method without affecting the final product. The fruits used are easy to get in Colombia in low cost, in addition, the quantity of fruits extracts used in the hydroxyapatite synthesis process are not much.
